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INTRODUCTION 

I n  September  1983 t h e  D i r e c t o r  of  t h e  Southwes t  F i s h e r i e s  C e n t e r  
Honolulu L a b o r a t o r y  (SWFG) recommended t o  t h e  Western P a c i f i c  Reg iona l  
F i s h e r y  Management Counc i l  ( C o u n c i l )  t h a t  t r a p s  used  i n  t h e  Nor thwes te rn  
Hawaiian I s l a n d s  (NWHI)  under  t h e  C o u n c i l ' s  f i s h e r y  management p l a n  f o r  t h e  
s p i n y  l o b s t e r  f i s h e r y  of  t h e  w e s t e r n  P a c i f i c  r e g i o n  b e  r e q u i r e d  t o  have  
e s c a p e  v e n t s .  The c a t c h  i n  t h e  s p i n y  l o b s t e r ,  P a n u l i r u s  m a r g i n a t u s ,  
f i s h e r y  p r e s e n t l y  c o n s i s t s  of  30-35% l o b s t e r s  below t h e  minimum l e g a l  s i z e  
( h e r e a f t e r  r e f e r r e d  t o  as " sub lega l " )  t h a t  must t h e n  b e  hand led  on deck and 
r e t u r  e d  t o  t h e  sea by t h e  f i s h e r s .  Exper iments  c a r r i e d  o u t  by t h e  SWFC 
s t a f f '  and e x p e r i e n c e s  i n  o t h e r  f i s h e r i e s  ( e . g . ,  P e c c i  e t  a l .  1978)  s u g g e s t  
t h a t  t h e s e  s u b l e g a l s  a re  s u b j e c t  t o  c o n s i d e r a b l e  m o r t a l i t y  due  t o  h a n d l i n g ,  
p r e d a t i o n  immedia te ly  upon t h e i r  r e t u r n  t o  t h e  sea,  and o t h e r  p r e d a t i o n  due  
t o  d i s p l a c e m e n t  f rom t h e i r  home t e r r i t o r y  o r  p r e f e r r e d  h a b i t a t .  

The C o u n c i l ' s  s p i n y  l o b s t e r  p l a n  development  team and i t s  S c i e n t i f i c  
and S t a t i s t i c a l  Committee recommended t o  t h e  Counc i l  t h a t  t h e  e f f i c a c y  o f  
e s c a p e  v e n t s  shou ld  b e  i n v e s t i g a t e d  by t h e  SWFC, and t h e  C o u n c i l  e n d o r s e d  
t h e i r  recommendat ions d u r i n g  i t s  F e b r u a r y  1984 mee t ing .  
d e s c r i b e s  s e v e r a l  e x p e r i m e n t a l  phases  t o  p r o v i d e  d a t a  n e c e s s a r y  t o  
d e t e r m i n e  an  optimum s i z e  of e s c a p e  v e n t s  and t o  d e m o n s t r a t e  t h e  
e f f e c t i v e n e s s  of v e n t e d  t r a p s .  

T h i s  document 

OBJECTIVE OF THE STUDY 

To p r o v i d e  t h e  d e g r e e  of p r o t e c t i o n  t o  t h e  s t o c k  i n t e n d e d  by t h e  
minimum s i z e  r e g u l a t i o n ,  o f  77-mm c a r a p a c e  l e n g t h  ( C E ) ,  t h e  SWFC b e l i e v e s  
t h a t  t h e  s i z e  of  t h e  e s c a p e  v e n t  s h o u l d  b e  s e t  s o  t h a t  v i r t u a l l y  a l l  
u n d e r s i z e d  l o b s t e r s  cou ld  e s c a p e .  Given normal  v a r i a t i o n  i n  body s h a p e ,  
c l e a r l y  t h i s  cou ld  b e  r eached  o n l y  a t  t h e  expense  ( f rom t h e  v i e w p o i n t  of 
t h e  i n d u s t r y )  of  escapement  of some l e g a l  l o b s t e r s  a round t h e  77-ram CL 
l i m i t .  Thus,  t h e  o b j e c t i v e  of t h i s  s t u d y  i s  t o  d e t e r m i n e  t h e  r a t e  of  
escapement  as a f u n c t i o n  of  e s c a p e  v e n t  s i z e  and c a r a p a c e  l e n g t h  i n  t h e  
area of h i g h  escapement  r a t e  of  s u b l e g a l s  and low t o  t r i v i a l  escapement  
r a t e  of  l e g a l  s i z e d  l o b s t e r s .  

PREMISES 

E x p e r i e n c e  w i t h  e s c a p e  v e n t s  i n  f i s h e r i e s  f o r  l o b s t e r s  of  t h e  genus  
Nomarus and o t h e r  P a n u l i r u s  (Wi lde r  1949;  F i s h i n g  I n d u s t r y  N e w  
Krause  and Thomas 1975;  F o g a r t y  and Borden 1980;  Odemar e t  a l . ' ) ,  i n d i c a t e  

S e r v i c e  1972;  

'Gooding, R.  H. 1982.  P r e d a t i o n  on s u r f a c e  and bot tom r e l e a s e d  s p i n y  
l o b s t e r ,  P a n u l i r u s  m a r g i n a t u s ,  i n  t h e  Nor thwes tern  Hawaiian I s l a n d s .  
Southwes t  F i s h .  Cent . ,  Natl. Mar. F i s h .  Serv . ,  NOAA, Honolu lu ,  H I  96812.  
Admint Rep. H-82-1, 20 p. + 4 f i g s .  

Repor t  on C a l i f o r n i a  s p i n y  o b s t e r ,  P a n u l i r u s  i n t e r r u p t u s  ( R a n d a l l )  
r e s e a r c h  w i t h  recommendat ions f o r  anagement .  D r a f t  o f  a r e p o r t  p r e s e n t e d  
to t h e  C a l i f o r n i a  F i s h  and Game Go m i s s i o n ,  J u l y  2 5 ,  1975 ,  Monterey,  
C a l i f . ,  98 p .  

Odemar, M. V. ,  R.  R.  e l l ,  C .  W.  Haugan, and R .  A .  Hardy. 1975.  
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t h a t  t h e  c a t c h  of l e g a l  l o b s t e r s  i n c r e a s e s  on an  a v e r a g e  of 5.9% i n  terms 
o f  number p e r  t r a p  when e s c a p e  v e n t s  are  used .  E s t i m a t i o n  sf t h e  optimum 
e s c a p e  v e n t  s i z e  w i l l  b e  done u s i n g  t h e  f o l l o w i n g  p remise .  I f  a c e r t a i n  
e s c a p e  v e n t  s i z e  a l l o w s  t h e  escapement o f  5.9% of l e g a l  l o b s t e r s  i n  an 
experimental  l a b o r a t o r y  s t o c k ,  a t rap so equipped  i n  t h e  f i e l d  t r i a l s  
shou ld  resul t  i n  a c a t c h  o f  l e g a l  l o b s t e r s  a p p r o x i m a t e l y  e q u a l  t o  traps 
w i t h o u t  e s c a p e  v e n t s .  For t h e  s a k e  of e x p e r i m e n t a l  t e s t i n g  and model 
b u i l d i n g ,  w e  are  g o i n g  t o  assume t h a t  an escapement r a t e  of 5% f o r  7 7 - m  CL 
l o b s t e r s  i s  "low o r  t r i v i a l "  and estimate t h e  e s c a p e  v e n t  t h a t  would 
r e s u l t  i n  t h i s  escapement  ra te .  

CAPSULATED DESCRIPTION OF EXPERIMENTAL PHASES 

I. FIRST ESTIMATION OF ESCAPE VENT SIZE 

A .  O b j e c t i v e :  To o b t a i n  a g r o s s ,  f i r s t  estimate of t h e  e s c a p e  v e n t .  

B .  P r o c e d u r e :  F ind  e s c a p e  v e n t  t h rough  which 77-mrn CL l o b s t e r s  
c a n n o t  eas i ly  p a s s .  

11. REFINEMENT OF ESTIMATION OF ESCAPE VENT SIZE 

A. O b j e c t i v e :  To d e t e r m i n e  a v e n t  r e s u l t i n g  i n  h i g h  escapement  of 
s u b l e g a l s  and no more t h a n  5% escapement  of l e g a l s  
unde r  l a b o r a t o r y  c o n d i t i o n s .  

B . P r o c e d u r e  : 

1. S e l e c t  a p p r o p r i a t e  s t a t i s t i c a l  t e s t i n g  p r o c e d u r e  and d e s i g n  
l a b o r  a t o r  y t r i a l s  a c c o r d i n g  1 y . 

2 .  Conduct e x p e r i m e n t s .  

3 .  Per fo rm s t a t i s t i c a l  a n a l y s i s  t o  s e l e c t  b e s t  v e n t .  

4 .  Prepare i n t e r i m  r e p o r t .  

113. FINAL ESTIMATION OF ESCAPE VENT SIZE AND FIELD Q A L I ~ A T 1 O ~  

A .  O b j e c t i v e s :  

1. To p r o v i d e  a s t a t i s t i c a l  model f o r  t h e  s e l e c t i o n  of t h e  b e s t  
e s c a p e  v e n t  unde r  f i e l d  c o n d i t i o n s  based  on d e s i r e d  
escapement  ra tes  f o r  s u b l e g a l  and l e g a l  l o b s t e r s .  

2 .  To d e t e r m i n e  whe the r  t h e r e  are d i f f e r e n c e s  i n  c a t c h  r a t e s  of 
l e g a l  and s u b l e g a l  s i z e d  l o b s t e r s  be tween e x p e r i m e n t a l  and 
c o n t r o l  t r a p s .  
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B. P rocedure :  

1. S e l e c t  a p p r o p r i a t e  s t a t i s t i c a l  t e s t i n g  p r o c e d u r e  and d e s i g n  
f i e l d  t r i a l s  a c c o r d i n g l y .  

2 ,  Conduct f i e l d  t r i a l s  on RV Townsend Cromwell. 

3 .  Analyze  d a t a .  

4 .  P r e p a r e  and i s s u e  i n t e r i m  r e p o r t .  

I V .  CQMMERCIAE ~E~ONSTRATION AND E ~ F I ~ I ~ N C ~  STUDY 

A .  Commercial Demons t r a t ion :  

1. O b j e c t i v e :  To d e m o n s t r a t e  e f f i c a c y  of t h e  optimum e s c a p e  
v e n t  unde r  commercial  c o n d i t i o n s  based  on  c a t c h  
ra tes  of l e g a l  and s u b l e g a l  l o b s t e r s .  

2 .  Des ign  f i e l d  t r i a l s  b a s e d  on p a i r e d  t - tes t  s t a t i s t i c a l  
p rocedure .  

3 .  Conduct f i e l d  t r i a l s  on a commercial  v e s s e l .  

4 .  Analyze  d a t a .  

5.  P r e p a r e  and i s s u e  i n t e r i m  r e p o r t .  

B. E f f i c i e n c y  S tudy :  

1 .  O b j e c t i v e :  To d e t e r m i n e  s a v i n g s  i n  h a n d l i n g  time, i f  any ,  
due  t o  use of t r a p s  w i t h  e s c a p e  v e n t s .  

2 .  F o r m u l a t e  s t a t i s t i c a l  t e s t i n g  p r o c e d u r e  and d e s i g n  f i e l d  
t r i a l s  a c c o r d i n g l y .  

3 .  Conduct f i e l d  t r i a l s  on commercial  v e s s e l .  

4 .  Analyze  d a t a .  

5.  P r e p a r e  i n t e r i m  r e p o r t .  

EPARATPON OF F PNAL REPORT ( S) 

T ESTIMATION OF ESCAPE VENT SIZE 

T r a d i t i o n a l l y ,  r e c t a n g u l a r  shaped  e s c a p e  v e n t s  have been  used  w i t h  t r a p s  
se t  e x c l u s i v e l y  f o r  t h e  c a p t u r e  of Lobs te r .  R e c e n t l y ,  t h e r e  has  been  some 
work on c i r c u l a r  v e n t s  when b o t h  l o b s t e r  and rock  c r a b s  a re  sough t  (Krouse 
1978).  S i n c e  t h e r e  is no minimum s i z e  l i m i t  f o r  s l i p p e r  l o b s t e r ,  S c v l l a r i d e s  
s ~ ~ a ~ r n Q ~ u s ,  which are c a u g h t  i n c i d e n t a l l y  t o  s p i n y  l o b s t e r  i n  t h e  NWBI 
f i s h e r y ,  e x p e r i m e n t s  t o  o p t i m i z e  t h e  v e n t  s i z e  w i l l  b e  done o n l y  w i t h  t h e  
s p i n y  l o b s t e r ,  g. m a r g i n a t u s ,  t h e  major  component sf  t h e  commercial  c a t c h .  



4 

Exper iments  w i t h  o t h e r  l obs t e r  s p e c i e s  s u g g e s t  t h a t  t h e  v e r t i c a l  
d imens ion  of  t h e  v e n t  i s  most c r i t i c a l ;  v a r i a t i o n s  i n  millimeters 
s i g n i f i c a n t l y  i n f l u e n c e  t h e  escapement  c u r v e  (Krouse and Thomas 1 9 7 5 ;  
F o g a r t y  and Borden 1980;  P a u l  1 9 8 2 ) .  The h o r i z o n t a l  d imens ion ,  though 
a p p a r e n t l y  less c r i t i c a l ,  is commonly r e l a t i v e l y  l a r g e ,  152-290 mm ($rouse 
1978;  P e c c i  e t  a l .  1978) ;  100 mm was found t o  b e  t o o  small i n  o n e  s t u d y  
( f o o t n o t e  2 ) .  S i n c e  P a u l ' s  (1982)  e x p e r i m e n t s  conducted  a t  t h e  SWC's 
Kewalo R e s e a r c h  F a c i l i t y  showed no d i f f e r e n c e  i n  t h e  a b i l i t y  of male and 
f e m a l e  s p i n y  l obs t e r  t o  p a s s  t h r o u g h  e s c a p e  v e n t s ,  t h i s  v a r i a b l e  w i l l  n o t  
b e  c o n s i d e r e d  i n  t h e  e x p e r i m e n t .  Research  on s p i n y  l o b s t e r  i n  C a l i f a r n i a  
( f o o t n o t e  2 )  s u g g e s t s  t h a t  t h e  bes t  approach  t o  d e t e r m i n i n g  t h e  e s t i m a t e d  
optimum h e i g h t  i s  t o  a v o i d  morphometr ic  methods and mere ly  f i n d  an opening  

w i t h o u t  damage t o  t h e i r  appendages ,  ( 2 )  a n i m a l s  1 mm l a r g e r  can  p a s s  w i t h  
some 106s of appendages ,  and ( 3 )  a n i m a l s  2 mm l a r g e r  are  u n a b l e  t o  p a s s .  

h which (1) l e g a l  s i z e d  a n i m a l s  (77-mm CL f o r  E. m a r g i n a t u s )  can p a s s  

We w i l l  f o l l o w  t h e  l a t t e r  approach  i n  o b t a i n i n g  a p r e l i m i n a r y  
estimate of t h e  optimum v e r t i c a l  h e i g h t  of t h e  e s c a p e  v e n t .  
w e  w i l l  o b t a i n  a p p r o x i m a t e l y  f i v e  l i v e  l o b s t e r s  i n  e a c h  1-mm s i z e  class 
from 77- t o  79-mm CL from t h e  loca l  commercial  f l e e t ,  and t h e s e  w i l l  b e  
m a n i p u l a t e d  by hand t h r o u g h  o p e n i n g s  w i t h  h e i g h t s  of  f rom 54 t o  60 mm 
u n t i l  an e s t i m a t e d  optimum s i z e  is found.  

S p e c i f i c a l l y ,  

S u p p l i e s  needed:  

1. L o b s t e r s - - a p p r o x i m a t e l y  15  (cos t -$75)  
2 .  Escape  v e n t  material  ( c o s t - n i l )  

REFINEMENT OF ESCAPE VENT SIZE 

Once t h e  p r e l i m i n a r y  estimate of t h e  optimum opening  s i z e  has  been  
d e t e r m i n e d ,  t r i a l s  w i l l  b e  conducted  a t  t h e  Kewalo R e s e a r c h  F a c i l i t y  t o  
o b t a i n  a more p r e c i s e  estimate. The t y p i c a l  a p p r o a c h  f o l l o w e d  in t h e  
l i t e r a t u r e  i s  t o  t a k e  t h e  e s c a p e  v e n t  found t o  b e  s a t i s f a c t o r y  i n  t h e  

w i t h  a n i m a l s  of  known s i z e  t o  d e t e r m i n e  escapement  r a t e  c u r v e s  by s i z e  of 
l o b s t e r  f o r  e a c h  a l t e r n a t i v e  e s c a p e  v e n t ,  and t h e n  t o  se lec t  what a p p e a r s  
t o  b e  t h e  best  e s c a p e  v e n t  s i z e  f o r  i n t r o d u c t i o n  i n t o  t h e  f i s h e r y .  

r e v i o u s  s t e p  p l u s  one o r  two a l t e r n a t i v e  s i z e s ,  r u n  l a b o r a t o r y  t r i a l s  

Our e x p e r i m e n t  a t  t h i s  s t e p  w i l l  d e v i a t e  from t h i s  t r a d i t i o n a l  
p r o c e d u r e  i n  t h a t  a s t a t i s t i c a l  t e c h n i q u e  w i l l  be  u s e d  i n v o l v i n g  r e s p o n s e  
s u r f a c e  a n a l y s i s ,  c o u p l e d  w i t h  a n a l y s i s  of v a r i a n c e .  Response s u r f a c e s  
a re  u s e d  i n  v a r i o u s  m a n u f a c t u r i n g  s i t u a t i o n s  t o  d e t e r m i n e  t h e  l eve l s  of 
v a r i o u s  fac tors  (e .g.9 g r a i n ,  y e a s t ,  t e m p e r a t u r e )  t h a t  w i l l  r e s u l t  i n  t h e  
maximum p r o d u c t i o n  of  some p r o d u c t  ( ~ ? . g . ~  a l c o h o l ) .  F o r  o u r  e x p e r i m e n t ,  we 
w i l l  use t h e  r e s p o n s e  s u r f a c e  m d e l  t o  estimate t h e  s i z e  of t h e  e s c a p e  v e n t  
r e s u l t i n g  i n  a maximum escapement  o f  5% f o r  77-mm CL l o b s t e r s .  
w i l l  a l so  p r o v i d e  estimates of t h e  escapement  r a t e  f o r  u n d e r s i z e d  l a b s t e r s .  
The s t a t i s t i c a l  p r o c e d u r e  r e q u i r e s  a t  least  t h r e e  levels  of  e a c h  fac tor .  
w i l l  u s e  t h r e e  e s c a p e  v e n t  h e i g h t s  ( t h e  estimated b e s t  h e i g h t ,  o n e  which i s  
1 mm smaller, and one which i s  1 mm l a r g e r ) ,  and s i z e  c l a s s e s  i n  I mm 
i n c r e m e n t s  from 74- t o  79-mm CL ( t h r e e  s u b l e g a l  and t h r e e  l e g a l  s i z e  c l a s s e s ) ,  

The model 

We 
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I n  s t a t i s t i c a l  terms, t h e  proposed  model t h a t  w i l l  b e  f i t t e d  t o  t h e  
d a t a  w i l l  b e  t h e  f o l l o w i n g  q u a d r a t i c  e q u a t i o n  

ER = 

where,  ER = 

bi  = 

vs = 

CL = 

A n a l y s i s  of 

bo + blVS + b2VS2 + bgCL + b4CL2 + b5VS*CL + Error 

escapement  r a t e  i n  p e r c e n t  

r e g r e s s i o n  c o e f f i c i e n t s  

v e n t  h e i g h t  i n  mi l l imeters  

c a r a p a c e  l e n g t h  i n  mil l imeters .  

v a r i a n c e  w i l l  b e  employed t o  t e s t  f o r  e s c a p e  v e n t  e f f e c t i v e n e s s  
w h i l e  c o n t r o l l i n g  f o r  any l e a r n i n g  which may o c c u r  d u r i n g  t h e  c o u r s e  o f  
t h e  expe r imen t .  Vent s i z e s  w i l l  b e  a d j u s t e d  as n e c e s s a r y  and used  i n  t h e  
n e x t  phase  of t h e  expe r imen t .  

A U-shaped c o n c r e t e  t a n k  w i t h  c o n t i n u o u s  water f l o w  w i l l  b e  u t i l i z e d  
f o r  t h e  e x p e r i m e n t a l  work. To p r e v e n t  sun b l i n d n e s s  i n  t h e  t e s t  a n i m a l s  
( P h i l l i p s  e t  a l .  1980), t h e  t a n k  w i l l  b e  cove red  w i t h  g reenhouse  s h a d i n g  
c l o t h .  Wire mesh p a r t i t i o n s  w i l l  f u r t h e r  d i v i d e  t h e  t ank  i n t o  f o u r  
s e p a r a t e  s e c t i o n s ,  and i n  e a c h  s e c t i o n  s u i t a b l e  h a b i t a t  w i l l  b e  se t  up t o  
encourage  l o b s t e r  escapement .  With t h i s  c o n f i g u r a t i o n ,  s e p a r a t e  t r i a l s  can  
b e  run  c o n c u r r e n t l y  i n  e a c h  s e c t i o n  of  t h e  t a n k .  

The b l a c k  p l a s t i c ,  c r a b  and l o b s t e r  p o t ,  which has  almost c o m p l e t e l y  
r e p l a c e d  t h e  wire  mesh t r a p  o r i g i n a l l y  used  i n  t h e  hWKX f i s h e r y ,  w i l l  b e  
u t i l i z e d  i n  t h e  expe r imen t s .  T h i s  dome shaped  p o t  i s  s i n g l e  chambered and 
i s  295 mm h i g h ,  980 rnm l o n g ,  and 770 mm wide.  Mesh s i z e  i s  4 5  x 45 mm. 
Two f u n n e l  e n t r a n c e s  are  molded i n t o  t h e  p o t ,  b u t  t h e s e  w i l l  n o t  b e  open 
d u r i n g  t h e  l a b o r a t o r y  t r i a l s .  Two r e c t a n g u l a r  areas 45  crn above  t h e  
bo t tom of t h e  p o t  and on o p p o s i t e  s i d e s  of  t h e  p o t  may b e  c u t  o u t  as 
l o b s t e r  escapement  v e n t s  ( t h e r e  a re  a l s o  two c i r c u l a r  areas on t h e  t o p  of  
t h e  t r a p s  t h a t  may b e  c u t  o u t  f o r  escapement  of c r a b s ) .  One o f  t h e s e  
r e c t a n g u l a r  areas w i l l  b e  c u t  o u t ,  and an aluminum e s c a p e  v e n t  of 
a p p r o p r i a t e  s i z e  w i l l  b e  a t t a c h e d  t o  each  t r a p .  

A s i n g l e  t r a p  w i t h  one of  t h e  t h r e e  e x p e r i m e n t a l  e s c a p e  v e n t s  w i l l  b e  
p l a c e d  i n  t h e  c e n t e r  of  t h r e e  of t h e  t a n k  s e c t i o n s  and s t o c k e d  w i t h  
a p p r o x i m a t e l y  30 l i v e  l o b s t e r s  c o n s i s t i n g  of a t  most 5 i n d i v i d u a l s  i n  e a c h  
mi l l imeter  s i z e  c l a s s  from 74- t o  79-mm CL. I n  a d d i t i o n  as t i m e  and 
a v a i l a b i l i t y  of  a n i m a l s  a l l o w ,  a t r a p  w i t h o u t  an e s c a p e  v e n t  and w i t h  t h e  
e n t r a n c e  cones  open w i l l  b e  se t  i n  t h e  f o u r t h  t a n k  s e c t i o n  and s t o c k e d  
w i t h  l o b s t e r s  t o  tes t  escapement  th rough  t h e  e n t r a n c e  cones .  S p i n e s  on 
t h e  l o b s t e r s '  t a i l s  w i l l  b e  c l i p p e d  u s i n g  a b i n a r y  scheme t o  i d e n t i f y  e a c h  
millimeter s i z e  c l a s s .  The t r a p s  w i l l  b e  s t o c k e d  w i t h  l i v e  l obs t e r s  i n  
t h e  even ing  s h o r t l y  b e f o r e  comple t e  d a r k n e s s  and food  w i l l  b e  d i s t r i b u t e d  
among t h e  h a b i t a t  (none  i n  t h e  t r a p s ) .  The n e x t  morning s h o r t l y  a f t e r  
s u n r i s e ,  t h e  t r aps  w i l l  b e  checked  f o r  d e t e r m i n a t i o n  of  escapement  by s i z e  
c lass .  We e x p e c t  t o  conduct  a t  least  f i v e  r e p l i c a t i o n s  each  of  t h e  t h r e e  
e s c a p e  v e n t  c o n f i g u r a t i o n s .  



S u p p l i e s  needed:  Cos t :  

1. 
2 .  
3 .  
4 .  

5. 
6 .  
7 .  
8. 
9 .  

Black p l a s t i c  p o t s  ( 3 - 4 )  
Rebar  o r  o t h e r  we igh t  
F a b r i c a t e d  e s c a p e  v e n t s  
Lobs ters -20  i n  e a c h  millimeter 
s i z e  c lass ,  74-79-mm CL 
Food 
Black  s h a d e  c l o t h  
Frame materials 
Bab it  a t  mater ia l s  
Tank d i v i d e r s  

I 

$95-$130 
n i l  
30 

1 , 3 5 0  
50 

110 
185 

20 
40 

FINAL ESTIMATLON OF ESCAPE VENT SIZE AND FIELD VALIDATION 

As was i n d i c a t e d  ear l ier ,  t h e  n e x t  s t e p  u n d e r t a k e n  i n  e s c a p e  v e n t  
s t u d i e s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  has  been  t o  t a k e  t r a p s  w i t h  t h e  
s e l e c t e d  b e s t  e s c a p e  v e n t  s i z e  and t o  compare t h e m  w i t h  unven ted  t r a p s  i n  
t h e  f i e l d  on e i t h e r  r e s e a r c h  o r  commercial  v e s s e l s .  S p e c i f i c a l l y ,  tests 
are  per formed t o  d e t e r m i n e  whether  t he re  has  been a s t a t i s t i c a l l y  
s i g n i f i c a n t  r e d u c t i o n  i n  t h e  c a t c h  r a t e  of s u b l e g a l s  w h i l e  t h e r e  has  been  
no r e d u c t i o n  i n  t h e  c a t c h  r a t e  of l e g a l  l o b s t e r s .  While t h e  s i z e  of t h e  
e s c a p e  v e n t  may b e  a d j u s t e d  f o l l o w i n g  such  t r i a l s ,  t h e  d e s i g n  p r o v i d e s  no 
s t a t i s t i c a l  p r o c e d u r e  f o r  d o i n g  so. 

S i n c e  t h e  escapement  rate of s p i n y  l o b s t e r s  unde r  f i e l d  c o n d i t i o n s  
( e .g . ,  v a r i a b l e  h a b i t a t ,  a l a r g e r  and more v a r i a b l e  s i z e  c o m p o s i t i o n ,  
p r e s e n c e  o f  b a i t ,  p r e s e n c e  of p r e d a t o r s ,  v a r i a b l e  s o a k i n g  times, p o s s i b l e  
d e f o r m a t i o n  of t h e  t r a p  d u r i n g  h a u l i n g ,  and ,  of c o u r s e ,  t h e  e n t r a n c e  cones  
open)  c o u l d  d i f f e r  c o n s i d e r a b l y  from t h e  l a b o r a t o r y  s i t u a t i o n ,  w e  f e e l  t h a t  
f i e l d  t r i a l s  s h o u l d  b e  conduc ted  t o  estimate t h e  optimum e s c a p e  v e n t  s i z e .  

Al though i t  i s  p o s s i b l e  eo d e s i g n  an  expe r imen t  t h a t  w i l l  p r o v i d e  t h e  
s t a t i s t i c a l  means of f i n e  t u n i n g  t h e  v e n t  h e i g h t  based  on what real ly  
happens on t h e  f i s h i n g  g rounds ,  a l a r g e r  sample s i z e  i s  r e q u i r e d  and t h e  
c o s t  w i l l  b e  g r e a t e r .  The e x p e r i m e n t a l  p r o c e d u r e  p roposed  i n v o l v e s  t h e  use 
of t h e  r e s p o n s e  s u r f a c e  s t a t i s t i c a l  method as was used  i n  phase  11, t h e  
l a b o r a t o r y  t r i a l s .  The r e s p o n s e  s u r f a c e  may h e  e x p l o r e d  f o r  t h e  e s c a p e  
v e n t  s i z e  r e s u l t i n g  i r n  a maximum escapement  of s u b l e g a l  l o b s t e r s  g i v e n  some 
a c c e p t a b l e  escapement  ra te  f o r  l e g a l  l o b s t e r s .  V a r i a t i o n  i n  e s c a p e  vent 
s i z e  i n  r e l a t i o n  t o  v a r i o u s  maximum escapement  ra tes  f o r  l e g a l  l o b s t e r s  may 
a l s o  b e  e x p l o r e d  u s i n g  t h e  r e s p o n s e  s u r f a c e  model. 

S t a t i s t i c a l  Des ign  

As ment ioned  ea r l i e r ,  t h e  r e s p o n s e  s u r f a c e  method r e q u i r e s  t h a t  t h r e e  
levels  o f  t h e  c o n t r o l l i n g  f a c t o r s  b e  eap loyed .  
f a c t o r ,  t h e  t h r e e  v e n t  h e i g h t s  d e t e r m i n e d  i n  t h e  l a b o r a t o r y  t r i a l s  w i l l  b e  
used .  Al though it is  clear t h a t  t h e  c a r a p a c e  l e n g t h  must b e  iacluded i n  
t h e  model t o  b e  a b l e  t o  i n v e s t i g a t e  escapement  ra te  i n  t h e  area of t h e  
l e g a l  l i m i t ,  it is  n o t  c l e a r  how t o  do t h i s  b e f o r e  t h e  t r i a l s  are run. I t  
w i l l  p r o b a b l y  n o t  be  p r a c t i c a l  t o  c o n s i d e r  1-mna s i z e  i n t e r v a l s  as in t h e  

F o r  t h e  e s c a p e  v e n t  
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l a b o r a t o r y  t r i a l s  b e c a u s e  o f  small  c a t c h  rates and s i z e  v a r i a t i o n  between 
c o n t r o l  and e x p e r i m e n t a l  t r a p s .  Nor do we f e e l  t h a t  i t  would b e  
r e a s o n a b l e  t o  e s t a b l i s h  t h r e e  a r b i t r a r y  s i z e  classes b e f o r e  c o n d u c t i n g  t h e  
t r i a l s ,  e .g . ,  s u b l e g a l ,  small l e g a l ,  and l a r g e  l e g a l  s i z e s .  The b e s t  
p r o c e d u r e  would seem t o  b e  t o  measure  each  l o b s t e r  and e s t a b l i s h  s i z e  
c a t e g o r i e s  based  on t h e  c a t c h e s .  The r a t e  of  escapement  f o r  l o b s t e r s  i n  
e a c h  c a r a p a c e  l e n g t h  c lass  is  t h e  c a t c h  i n  t h e  nonvented  t r a p  minus t h e  
c a t c h  i n  t h e  v e n t e d  t r a p  d i v i d e d  by t h e  c a t c h  i n  t h e  nonvented  t r a p .  
Al though t h e r e  i s  no  p r i o r  knowledge of  what t h e  v a r i a n c e  of s u c h  an  
estimate would b e ,  we f e e l  t h a t  t h e  r o b u s t n e s s  of t h e  r e g r e s s i o n  t e c h n i q u e  
s h o u l d  a l l o w  s i g n i f i c a n t  r e s u l t s  u s i n g  sample  s i z e s  of  t h e  same o r d e r  of  
magni tude  as  t h e  p a i r e d  t - tes ts  d e s c r i b e d  below. 

The h y p o t h e s i z e d  r e s p o n s e  s u r f a c e  model t o  b e  used  i s  t h e  same as 
b e f o r e  , namely 

ER = bo + blVS + b2VS2 * b3CL + b4CL2 -t. b5VS*CL + E r r o r  

where ,  ER = escapement  r a t e  i n  p e r c e n t  

b i  = r e g r e s s i o n  c o e f f i c i e n t s  

VS = v e n t  s i z e  i n  mi l l imeters  

CL = c a r a p a c e  l e n g t h  i n  mi l l imeters ,  

b u t  t h e  d e f i n i t i o n  of  c a r a p a c e  l e n g t h  i s  n o t  f i x e d .  

With r e s p e c t  t o  t e s t i n g  f o r  d i f f e r e n c e s  i n  c a t c h  of  l e g a l  v e r s u s  
s u b l e g a l  l o b s t e r s ,  t h e  s t a t i s t i c a l  a n a l y s i s  w i l l  c o n s i s t  o f  t h e  
a p p l i c a t i o n  of  t h e  p a i r e d  t - tes t  t o  b o t h  l e g a l  c a t c h  c o u n t  and t h e  
p e r c e n t a g e  of s u b l e g a l s  i n  e a c h  c o n t r o l  and e x p e r i m e n t a l  t r a p  p a i r  f o r  
e a c h  e s c a p e  v e n t  h e i g h t .  
t - test  i n  t h a t  it i s  n o t  confounded by a l a r g e  v a r i a n c e  w i t h i n  t r a p  
c a t e g o r i e s  ( c a u s e d  by changing  l o b s t e r  d e n s i t y  a l o n g  t h e  t r a p  s t r i n g ) .  
However, i f  c a l c u l a t e d  d i f f e r e n c e s  a re  found n o t  t o  b e  no rma l ly  
d i s t r i b u t e d ,  t h e  Wilcoxon ma tched-pa i r s ,  s igned- ranks  t e s t  w i l l  b e  
employed. S t a t i s t i c a l  a n a l y s i s  i s  dependent  on an  a d e q u a t e  sample  s i z e .  
Given t h e  c u r r e n t  s u b l e g a l  c a t c h  i n  t h e  i n d u s t r y  o f  a b o u t  30% and an 
assumed subsequen t  i n c r e a s e  i n  c a t c h  of  l e g a l  l o b s t e r s  of  a p p r o x i m a t e l y  6% 
u s i n g  t h e  o p t i m a l  e s c a p e  v e n t  c o n f i g u r a t i o n  ( b a s e d  on o t h e r  e x p e r i m e n t s ) ,  
a sample  s i z e  of 326 t r a p s  would be r e q u i r e d  t o  o b t a i n  a s i g n i f i c a n c e  
l e v e l  of 0.01 and a power of 99% f o r  t h e  p a i r e d  t - tes t  of c a t c h  c o u n t ,  o r ,  
978  t r a p s  fo r  a l l  t h r e e  e s c a p e  v e n t  h e i g h t s .  The r e s e a r c h  v e s s e l  f i e l d  
t r i a l s  w i l l  exceed  t h e  minimal  r e q u i r e d  sample  s i z e  i f  a t  least  18 f i s h i n g  
days  are comple ted  w i t h  60 t r a p s  se t  each  day .  

Such a t e s t  i s  p r e f e r a b l e  t o  t h e  c o n v e n t i o n a l  

F i e l d  Des ign  

The f i e l d  t r i a l s  w i l l  b e  conduc ted  on b o a r d  t h e  NOAA s h i p  Townsend 
Cromwell a t  Necker I s l a n d  u s i n g  t h e  b l a c k  p l a s t i c  c r a b  and l o b s t e r  t r a p .  
E x p e r i m e n t a l  and c o n t r o l  ( u n v e n t e d )  t r a p s  w i l l  b e  p l a c e d  a l t e r n a t e l y  a l o n g  
a s t r i n g .  The e x p e r i m e n t a l  t r a p s  on one s t r i n g  w i l l  a l l  have v e n t s  of t h e  
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same h e i g h t ,  and two v e n t s  w i l l  b e  p l a c e d  i n  each  t r a p .  T h i s  e x p e r i m e n t a l  
d e s i g n  w i l l  a l l o w  s t a t i s t i c a l  c o n t r o l  f o r  t h e  e f f e c t  of any changes  i n  
l o b s t e r  d e n s i t y  a l o n g  t h e  s t r i n g .  
p u l l e d  d u r i n g  t h e  ea r ly  morning of t h e  n e x t  day.  
i n c l u d e  s t r i n g  and t r a p  number, d e p t h  of t h e  se t ,  and t h e  number and l e n g t h  
o f  t h e  l o b s t e r s  measured t o  t h e  n e a r e s t  millimeter c a r a p a c e  l e n g t h .  Ca tch  
o f  o t h e r  s p e c i e s  w i l l  a l so  b e  r e c o r d e d .  

B a i t e d  t r a p s  w i l l  b e  s e t  one day and 
Data  c o l l e c t e d  w i l l  

To carry o u t  t h i s  s t e p  o f  t h e  e x p e r i m e n t ,  30 c o n t r o l  and 30 
e x p e r i m e n t a l  t raps f a r  each  o f  t h e  t h r e e  escape v e n t  s i z e s  must b e  f i s h e d  
f o r  6 t o  9 days .  T h i s  c o u l d  b e  done by s e t t i n g  180 t r a p s  p e r  day f o r  t h e  
6-9 days  on a s i n g l e  cruise.  
due  t o  t h e  l a r g e  number of t r aps  needed and t h e  o v e r t i m e  i n v o l v e d  i n  
p r o c e s s i n g  t h e  c a t c h .  We estimate t h a t  t h i s  p r o c e d u r e  would c o s t '  
a p p r o x i m a t e l y  $12,500 j u s t  f o r  g e a r  and o v e r t i m e .  A l t e r n a t i v e l y ,  t h e  
f i e l d  d e s i g n  c o u l d  c o n s i s t  of s e p a r a t e  t r i a l s  o f  6-9 days  f o r  each  e s c a p e  
v e n t  s i z e .  
modera t e  amounts o f  o v e r t i m e  and added c o s t  due t o  l o s t  g e a r .  We estimate 
t h a t  t h i s  f i e l d  d e s i g n  would c o s t  abou t  $6,000. A s  a t h i r d  a l t e r n a t i v e ,  
s e p a r a t e  t r i a l s  of 6-9 days  d u r a t i o n  cou ld  b e  r u n  w i t h  each  t r i a l  c o n s i s t i n g  
o f  6 0  t r a p s  ( 3 0  c o n t r o l s  and 10 e a c h  of t h e  t h r e e  e s c a p e  v e n t  s i z e s ) .  The 
c o s t  of t h i s  d e s i g n  would b e  a p p r o x i m a t e l y  t h e  same as t h a t  of t h e  second 
a l t e r n a t i v e .  However, a t  t h e  end o f  each  t r i a l ,  i t  would b e  p o s s i b l e  t o  
conduc t  t h e  r e s p o n s e  s u r f a c e  model a n a l y s i s  and d e t e r m i n e  whe the r  s i g n i f i c a n t  
resul ts  were o b t a i n e d .  I f  s t a t i s t i c a l l y  s i g n i f i c a n t  r e s u l t s  a re  o b t a i n e d  
a t  t h e  end o f  t h e  second o r  even t h e  f i r s t  t r i a l ,  t h e  expe r imen t  cou ld  b e  
t e r m i n a t e d  ea r ly ,  t h u s  s a v i n g  v a l u a b l e  and e x p e n s i v e  vessel  time. It may 
b e  d e s i r a b l e  t o  conduc t  t h e  t h r e e  6-9 day t r i a l s  of t h e  l a s t  two a l t e r n a t i v e s  
i n  a r e a s o n a b l y  s h o r t  p e r i o d  t o  e l i m i n a t e  any confounding  e f f e c t s  due t o  
s e a s o n a l  changes  i n  c a t c h a b i l i t y  o r  s i z e  compos i t ion  of t h e  l o b s t e r s .  We 
o p t  t o  conduc t  t h e  l as t  a l t e r n a t i v e  f i e l d  d e s i g n .  

The c o s t  of t h i s  expe r imen t  would b e  h igh  

T h i s  d e s i g n  would u s e  o n l y  60 t r a p s  f o r  each  t r i a l  and 

T h i s  p r o c e d u r e  w i l l  t h e n  r e s u l t  i n  a r e s p o n s e  s u r f a c e  t h a t  may b e  used  
t o  se lec t  t h e  optimum e s c a p e  v e n t  s i z e  f o r  t h e  escapement of l e g a l  and 
s u b l e g a l  l o b s t e r s .  A p a i r e d  t - tes t  w i l l  a l s o  b e  employed t o  t e s t  f o r  
d i f f e r e n c e s  i n  c a t c h  rates of s u b l e g a l  and l e g a l  l o b s t e r s  between c o n t r o l  
and e x p e r i m e n t a l  t r a p s .  

The e x p e r i m e n t a l  d e s i g n  cou ld  i n c o r p o r a t e  a p o t e n t i a l  e f f e c t  o f  
d e n s i t y  o f  l o b s t e r s  on t h e  g rounds .  A f a c t o r  c o u l d  b e  i n c l u d e d  i n  t h e  
r e s p o n s e  s u r f a c e  model f o r  c a t c h  per c o n t r o l  t r a p  o f ,  f o r  example,  t o t a l  
s p i n y  l o b s t e r  o r  f o r  some combina t ion  o f  s u b l e g a l  l o b s t e r ,  l e g a l  l o b s t e r ,  
and b e r r i e d  l o b s t e r .  The model might t h e n  b e :  

EB = bo + blVS + b2VSL + b3CL + b4CLZ + b5D + b6D z 

+ bTYS*CL + bgVS*D + b9CL*D + blOVS*CL*D . 
O t h e r  e x p e r i m e n t s  cou ld  b e  r u n  t o  t e s t  f o r  t h e  e f f e c t  o f :  (1) dominance 

o f  l a r g e r  i n d i v i d u a l s  ( t h e  d e s i g n  a c t u a l l y  i n c o r p o r a t e s  t h i s  e f f e c t  b u t  t h e  
r a n g e  i n  s i z e  o f  a n i m a l s  i n  t h e  expe r imen t  cou ld  b e  expanded by u s i n g  
f i s h i n g  areas known t o  have l a r g e r  i n d i v i d u a l s ) ,  ( 2 )  p r e s e n c e  of p o t e n t i a l  
p r e d a t o r s  (by  r u n n i n g  t h e  t r i a l s  i n  areas a s c e r t a i n e d  t o  have d i f f e r e n t  
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l e v e l s  of p o t e n t i a l  p r e d a t o r s ;  a t  least  t h r e e  a r e a s  having  d i f f e r e n t  
p o t e n t i a l  p r e d a t o r  d e n s i t i e s  would have t o  b e  u s e d ) ,  ( 3 )  h a b i t a t  ( t r i a l s  
r u n  a t  t h r e e  d i s t a n c e s  from known she l t e r  areas o r  i n  th ree  areas having  
d i f f e r e n t  q u a n t i t i e s  o r  q u a l i t i e s  of l o b s t e r  s h e l t e r ) ,  ( 4 )  b a i t  q u a n t i t y  i n  
t h e  t r a p s ,  ( 5 )  time between s e t t i n g  and h a u l i n g ,  (6) t r a p  d e s i g n  ( w i r e  w i t h  
2 x 2 i n c h  m e s h ,  wire w i t h  2 x 4 i n c h  m e s h ,  and b l a c k  p l a s t i c ) ,  and ( 7 )  
e s c a p e  gap  p lacement  and number. Some of t h e s e  f a c t o r s  would b e  more 
s u b j e c t  t o  e x p e r i m e n t a l  v a r i a t i o n ,  r e q u i r e  c a r e  i n  c a r r y i n g  o u t ,  and 
p robab ly  a g r e a t e r  sample s i z e .  S i n c e  none of t h e s e  f a c t o r s  i s  now s u b j e c t  
t o  management m a n i p u l a t i o n  ( i n d e e d  some cou ld  n e v e r  b e ) ,  t h e y  w i l l  n o t  b e  
i n c o r p o r a t e d  i n  t h e  d e s i g n  of t h i s  expe r imen t .  

S u p p l i e s  needed: C o s t :  

1. 
2 .  
3 .  

4 .  
5 .  
6 .  
7 "  
8. 
9 .  

Black p l a s t i c  l o b s t e r  p o t s  (100)  
Escape  v e n t s  ( 1 0 0 )  
P o l y p r o p y l e n e  r o p e  ( i f  n o t  a v a i l a b l e  
f rom p r e v i o u s  c r u i s e )  
Bucke t s ,  b u r l a p  b a g s ,  e tc .  
Bal las t  f o r  t r a p s  ( 2 0  1b p e r  t r a p )  
B r i d l e s  ( 3 / 8  i n .  p o l y p r o p y l e n e  r o p e ,  i f  needed)  
Buoys and f l a g p o l e s  ( i f  needed)  
Bait (most a v a i l a b l e  i n  SWFC c o l d  s t o r a g e )  
Saw b l a d e s  

$3 500 
950 

2 00 
150 
500 
200 

? 
100 
85 

R C I A L  DEMONSTRATION AND EFFICIENCY STUDY 

With s u c c e s s f u l  comple t ion  of t h e  l a b o r a t o r y  and r e s e a r c h  v e s s e l  
expe r imen t s  and s e l e c t i o n  of t h e  optimum e s c a p e  v e n t  h e i g h t ,  t r i a l s  w i l l  
b e  conduc ted  OR b o a r d  commercial  v e s s e l s  as a f i n a l  d e m o n s t r a t i o n  of t h e  
f e a s i b i l i t y  and b e n e f i t  o f  u s i n g  e s c a p e  v e n t s .  

Our p l a n  i s  t o  conduct  two t y p e s  o f  expe r imen t s  on a commercial  
v e s s e l .  The f i r s t  expe r imen t  w i l l  b e  a d i r e c t  compar ison  of t h e  c a t c h -  
a b i l i t y  of t r aps  w i t h  and w i t h o u t  e s c a p e  v e n t s .  F o r  t h e  l i v e  marke t  
commercial  l o b s t e r  f i s h e r s  g e n e r a l l y  s e t  6-8 s t r i n g s  of 35-40 l o b s t e r  t r a p s  
p e r  s t r i n g  o v e r  an 8-10 day  p e r i o d .  With t h i s  i n  mind, t h e  commercial  
t r i a l s  w i l l  c o n s i s t  of two s t r i n g s  of a p p r o x i m a t e l y  40 t r a p s  each .  
E x p e r i m e n t a l  t r aps  w i t h  e s c a p e  v e n t s  and t h e  s t a n d a r d  t r a p s  used  by t h e  
v e s s e l  w i l l  b e  p l a c e d  a l t e r n a t e l y  a l o n g  the  s t r i n g .  I f  t h e  commercial  
v e s s e l  uses a b o u t  40 t r a p s  per  s t r i n g  and f i s h e s  6 s t r i n g s  f o r  8 d a y s ,  t h e  
sample s i z e  shou ld  b e  more than  s u f f i c i e n t  f o r  s t a t i s t i c a l  pu rposes .  
S t a t i s t i c s  on t h e  c a t c h e s  r e s u l t i n g  from t h e  two s t r i n g s  w i t h  c o n t r o l  and 
e s c a p e  v e n t e d  t r a p s  w i l l  b e  c o l l e c t e d  by an SWFC o b s e r v e r  on t h e  commerc ia l  
b o a t .  Data on c a t c h  (number of l e g a l  and s u b l e g a l  l o b s t e r s ) ,  t h e  r a t i o  o f  
males and f e m a l e s ,  and number o f  b e r r i e d  l e g a l  and s u b l e g a l  f ema les  w i l l  b e  
c o l l e c t e d .  

The second expe r imen t  w i l l  b e  t o  d e t e r m i n e  whe the r  h a n d l i n g  t i m e  i s  
r educed  u s i n g  t r a p s  w i t h  e s c a p e  v e n t s ,  which would t h e n  i m p l y  a c o s t  
s a v i n g s  f o r  t h e  v e s s e l  o p e r a t o r .  D e t a i l e d  d a t a  on t h e  t i m e  s p e n t  by t h e  
crew i n  s o r t i n g  and p r o c e s s i n g  t h e  c a t c h  r e s u l t i n g  from s t r i n g s  of t r a p s  
w i t h  and w i t h o u t  e s c a p e  v e n t s  w i l l  b e  c o l l e c t e d .  S i n c e  t h e  SWFC o b s e r v e r  
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w i l l  n o t  b e  a b l e  t o  c o l l e c t  d a t a  on b o t h  h a n d l i n g  times and l o b s t e r  s i z e s ,  
t h i s  expe r imen t  m u s t  b e  r u n  s e p a r a t e l y  from t h e  c a t c h - r a t e  and s ize-  
compos i t ion  t r i a l s .  Because of t h e  l i m i t e d  f i s h i n g  t i m e  on  commercial  
c r u i s e s ,  e s p e c i a l l y  t h o s e  which b r i n g  back l i v e  l o b s t e r s ,  t h i s  expe r imen t  
w i l l  have  t o  b e  conduc ted  on a separate c r u i s e .  With no p r i o r  knowledge of 
t h e  time d i f f e r e n c e s ,  w e  have no s t a t i s t i c a l  b a s i s  f o r  e s t i m a t i n g  sample 
s ize ,  b u t  f e e l  i n t u i t i v e l y  t h a t  10-15 days  u s i n g  two s t r i n g s  of 40 t r a p s  
shou Id  s u f f i c e .  

S t a t i s t i c a l  tes ts  of c a t c h  r a t e  and l e g a l  t o  s u b l e g a l  r a t i o s  w i l l  b e  
similar t o  t h e  r e s e a r c h  v e s s e l  expe r imen t .  The s t a t i s t i c a l  t es t s  of 
h a n d l i n g  times w i l l  i n v o l v e  an a n a l y s i s  of v a r i a n c e .  

S u p p l i e s  and o t h e r  needs :  C o s t :  

1. Black p l a s t i c  t r a p s  (100)  
2 .  Escape  v e n t s  (100)  
3 .  B r i d l e s  and b a l l a s t  
4 .  C a l i p e r s  
5 .  S topwatch  
6 .  Food and bunk c h a r g e s  ( 2 0  d a y s )  
7 .  Vessel p a r t i c i p a t i o n  f e e  ( 2 0  d a y s )  
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